SUMMArY
We aimed to evaluate the diagnostic value of lumbar puncture in excluding nosocomial meningitis as the cause of mental status changes in medical intensive care unit patients. We retrospectively reviewed the records of all patients admitted to the medical intensive care unit at our institution over a four-year period who had a lumbar puncture performed during their stay. Patients with central nervous system devices were excluded.
During the study period 63 lumbar punctures were performed, 31 to exclude nosocomial meningitis. Of these 31 patients, 25 (80.6%) received antimicrobials during hospitalization before performance of lumbar puncture. In one patient with human immunodeficiency virus (HIV) infection, Gram stain demonstrated yeast; in the remainder, Gram stain was negative. Cultures were negative for pathogenic bacteria in all 30 of these patients (overall yield: 0%, 95% CI: 0-10.0%). Five patients (16.1% ) had a cerebrospinal fluid leucocytosis (>10 leucocytes/mm 3 ); of these, all had received prior antibiotics, two had positive cryptococcal antigen results, and three had central nervous system infection suspected clinically without an evident alternative diagnosis. In no non-HIV subject did lumbar puncture alter management.
Lumbar puncture performed in the medical intensive care unit to exclude nosocomial meningitis as the cause of mental status changes has a low yield and rarely changes management. These findings should not be generalized to patients who have sustained head trauma, have undergone neurosurgical procedures, or may be immunosuppressed.
key Words: central nervous system, fever, intensive care unit, lumbar puncture, meningitis, nosocomial infection Derangements in mental status occur commonly in the medical intensive care unit (MICU) [1] [2] . Such impairment may be present at the time of admission or arise during the course of hospitalization, may result from a primary central nervous system (CNS) insult or secondary to effects of systemic disorders, and may negatively influence mortality, length of MICU and hospital stay, and duration of mechanical ventilation 1,2 . In addition, evaluation of depressed mental status in the critically ill often results in extensive diagnostic testing, with the potential for resultant increases in MICU patient care costs and risk 3,4 . Accordingly, use of a thorough but efficient approach is imperative in appropriately managing MICU patients manifesting neurologic dysfunction.
Lumbar puncture (LP) has been advocated in the evaluation of encephalopathy of unknown aetiology in critically ill patients 5 . however, there is increasing evidence suggesting that use of this procedure to exclude meningitis may not be warranted in certain hospitalized populations [6] [7] [8] [9] . The objective of this retrospective study was to determine the yield of LP in detecting nosocomial meningitis as a cause of mental status changes for patients in the MICU.
MATErIALS AND METhoDS
The Walter reed Army Medical Center (WrAMC) Clinical Investigation Committee approved this retrospective cohort study. All patients listed in the Walter reed Center MICU admission ledger from January 1998 to December 2001 who underwent LP during their MICU stay were identified using the hospital's computerized laboratory database. We crossreferenced MICU admission and discharge dates with cerebrospinal fluid (CSF) protein, glucose and cell count results. We then reviewed the inpatient records of all identified patients and confirmed that LP had been performed during the patient's stay in the MICU. Patients with indwelling CNS devices (e.g., ventriculostomies, intracranial reservoirs, intrathecal catheters) were excluded. Bacterial meningitis was defined as a compatible clinical presentation with either abnormal CSF findings of greater than 10 leukocytes/mm 3 with predominance of neutrophils, a positive CSF Gram stain or culture result, or both, and was further defined as nosocomial according to the 1988 guidelines of the Centers for Disease Control 10 in cases that occurred greater than 48 hours after hospital admission.
Demographic variables recorded included age, sex, reason for MICU admission, and clinical outcome. The patient's past medical history was reviewed for the presence of prior CNS disease, malignancy, diabetes mellitus, immunosuppression, human immunodeficiency virus (hIV) infection, alcoholism, atherosclerotic coronary artery disease and end-stage renal disease. Clinical variables collected included the time of LP relative to MICU admission, use of CNS imaging (CT or MrI) prior to LP, indication for LP, and timing of administration of antimicrobials. The resultant clinical management after LP, including alternative explanation for mental status changes or fever if meningitis was excluded, was noted. The results of CSF analysis were recorded. The last tube of CSF drawn was used for cell count determinations.
Continuous data are reported as mean±standard deviation (SD). Continuous data were compared with Student's t-test. Ninety-five per cent confidence intervals (95% CIs) are reported where appropriate. All tests were two-tailed. For non-parametrically distributed data a Mann Whitney U test was utilized. A P value of <0.05 was assumed to represent statistical significance.
rESULTS
During the study period, there were 1986 admissions to the MICU at WrAMC. Sixty-nine initial LPs were identified. records were available for review for all patients. of these 69 procedures, 6 were performed in patients with indwelling CNS devices and 32 were either performed within 48 hours of hospital admission or were explicitly undertaken to evaluate for suspected noninfectious aetiologies; these pro-cedures were subsequently excluded. The remaining 31 LPs were done in 31 patients to rule out nosocomial meningitis as the aetiology of mental status changes. relevant demographic and clinical characteristics of this cohort are shown in Table 1 . Twenty-six (83.9%) patients had CNS imaging performed prior to LP; all but one of these studies were negative for acute pathology. Twenty-five (80.7%) patients received an average of 2.7 antimicrobials during hospitalization before performance of LP. Indications for LP are shown in Table 2 . Three of the five patients manifesting focal CNS signs or meningismus were subsequently found to have CSF leucocytes on LP. There were no documented complications. All 31 patients had Gram stain and culture performed on the CSF sample. Cultures were negative for pathogenic bacteria in all patients (overall yield: 0%, 95% CI: 0-10.0%). Two patients, both of whom had zero leucocytes present in the CSF and negative Gram stain results, grew coagulase-negative Staphylococcus species in culture broth. All other CSF diagnostic studies obtained were negative, with the exception of the two patients with hIV (discussed below).
Five patients (16.1%) had an elevated cerebrospinal fluid (CSF) leucocyte count, two of whom had hIV infection. There was no difference in CSF red blood cell counts between groups with elevated CSF leucocyte count and those without (P=0.378, Mann Whitney U P=0.658). of these five patients, all had received prior antibiotics and all had mental status changes prior to LP; two had fever and one was hypothermic. The average time to LP after MICU admission for these patients was nearly eightfold shorter than in those without CSF leucocytes (13.4+ 20.5 hours vs 103.4+162.9 hours; P=0.031).
In the two patients with hIV infection, LP was remarkable for elevated CSF protein and positive cryptococcal antigen results; one had yeast detected on Gram stain and was subsequently culture-positive for Cryptococcus neoformans. These two patients then received appropriate antifungal therapy. In the third patient, tuberculous meningitis was considered clinically prior to LP, which was notable for lymphocytic pleocytosis and markedly elevated CSF protein; CSF gene probe and culture were eventually positive for Mycobacterium tuberculosis, and autopsy confirmed tuberculous meningitis as cause of death. The fourth patient, a diabetic on longterm corticosteroids, was receiving appropriate therapy prior to LP for pneumococcal bacteraemia. The fifth patient was an otherwise healthy 18-year-old with prolonged obtundation after suspected viral encephalitis. In no non-hIV subject did LP alter management.
In the 26 patients without positive CSF findings, underlying causes for the indications for LP are shown in Table 3 . Six (19.4%) of the 31 patients died. There were no complications of LP.
DISCUSSIoN
We found that LP performed in the MICU to exclude nosocomial meningitis as the cause of mental status changes has a low yield and rarely changes patient management. These results, from a specific population that often presents a diagnostic challenge to clinicians, add to an expanding, albeit retrospective, body of literature that indicates limited utility of LP in the hospitalized patient who exhibits unexplained fever and/or mental status changes. In a preliminary publication, Burnette and co-workers 6 retrospectively reviewed 184 LPs performed in two MICUs; 14 (7.6%) yielded positive cultures. The only cases of nosocomial meningitis in their series developed in patients with intracranial pressure monitors. Adelson-Mitty and co-workers 7 reviewed 70 LPs performed in a surgical intensive care unit. Therapy was altered by LP in only two patients; no cases of bacterial meningitis were documented. Metersky and co-workers 8 retrospectively examined 232 LPs performed in hospitalized patients who had not had prior neurosurgical procedures. No positive LPs occurred in those patients with suspected nosocomial meningitis. Warshaw and Tanzer 9 reviewed the role of LP in the evaluation of delirium and fever in 81 elderly inpatients; no case of nosocomial meningitis was identified. Each of these studies [6] [7] [8] [9] concluded that LP was a low-yield procedure in the respective inpatient populations evaluated.
There are several reasons why lumbar puncture may be of low diagnostic yield in the critically ill. First, the prevalence of nosocomial meningitis in the hospitalized patient in general appears to be extremely low 11, 12 . Second, causes of altered mental status and fever in the intensive care unit are legion. The abundance of potential aetiologies often leads clinicians to pursue an elaborate diagnostic workup, to include LP, of unexplained neurologic dysfunction that is often multifactorial and transient. Third, LP is frequently performed specifically for evaluation of delirium 8, 9 ; while this is a common inpatient entity, it is an atypical presentation for meningitis 13 . Fourth, use of antibiotics in critically ill patients has become an almost ubiquitous clinical practice 14 , one kim and Gallis have termed "spiraling empiricism" 15 . While such a practice pattern is certainly to be discouraged 16 , an unappreciated consequence may be pre-emptive treatment of CNS infection 13 . Assuming nosocomial CNS infections are particularly rare in patients who have not undergone invasive neurosurgical pro- cedures and antecedent antibiotic administration reduces the yield of CSF cultures 17 , the value of diagnostic LP in MICU patients who have received antibiotics and been in the hospital greater than 48 hours is likely to be exceedingly low. In addition, when viewed in reference to those pathogens historically implicated in nosocomial meningitis 11, 12 . current antibiotic prescribing patterns in the MICU appear increasingly likely to cover these pathogens empirically 18 . Notably, our 80.7% rate of preprocedural antibiotic administration is consistent with prior studies 7, 11 . In our series, five patients exhibited CSF leucocytosis. Two of these patients had hIV infection; in the other three, findings did not change management and all premortem cultures were negative. only one met a priori criteria for culture-negative bacterial meningitis, as previously characterized 12 . Three of five patients in our total cohort who exhibited focal CNS signs or meningismus were subsequently found to have CSF leucocytosis on LP; however, such signs have not been found uniformly discriminating 19 .
In summary, lumbar puncture performed in the MICU to exclude nosocomial meningitis in patients with mental status changes has a low yield and rarely changes patient management. In this setting, the presence of CSF leucocytes is not predictive of a subsequent positive result on bacterial culture. These findings should not be applied to patients who have sustained head trauma, have had recent neurosurgery, or may be immunosuppressed.
DISCLAIMEr
The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the Department of the Army or the Department of Defense.
rEFErENCES
